The population dynamics, growth, and reproduction of the deep-water pandalid shrimp Plesionika martia were studied in the eastern Mediterranean Sea. Samples were collected monthly (July 1999-June 2000 at a depth range of 440-600 m between Zakynthos Island and Peloponnissos (eastern Ionian Sea, Greece). Additional samples were taken in April and May 2001. Size-frequency distribution revealed that mean female size consistently exceeded that of males throughout the year (CL range: 8-23.5 mm and 9.3-29.1 mm for males and females, respectively). Smaller individuals of both sexes occurred only at depths less than 500 m. Mean size of both sexes increased linearly with depth, whereas a less prominent trend of sex ratio in favor of females by depth was observed. The overall yearly and the monthly sex ratio were in favor of females except during winter, when the two sexes were equally represented. Carapace length-wet weight relationships showed negative allometry, for both males and females. Ovigerous females occurred year around, although the main reproductive season extended from April to October. The smallest ovigerous female was 11.8 mm CL, whereas the size at 50% sexual maturity (CL m50 ) was estimated as 16.16 mm. Fecundity and reproductive output were found loosely related to shrimp size. The von Bertalanffy growth curve parameters were estimated as:
Most pandalid species occur in deep waters and compose a significant by-catch of deep-water trawl fisheries in several Mediterranean regions. Among them, Plesionika martia A. Milne-Edwards, 1883, with a worldwide distribution occurs throughout the Mediterranean Sea at depths between 165 m and 871 m (Company and Sardà, 2000) .
The abundance and the biogeography of the species in the Mediterranean Sea have been subjects of thorough investigations off the Catalan coasts (Abelló et al., 1988; Cartes and Sardà, 1992; Cartes et al., 1994; Carbonell and Abelló, 1998; Abelló et al., 2002; Carbonell et al., 2003) , in the Sardinian waters (Mura and Cau, 1994) and Sicilian Channel (Pipitone and Tumbiolo, 1993) , in the central (Fanelli et al., 2001 ) and the southern Tyrrhenian Sea (Rinelli et al., 2000) , in the Adriatic deep waters (Froglia, 1972; Š tevčić, 1990; Ungaro et al., 1999) , and in the Ionian (D'Onghia et al., 1998; Politou et al., 1998; or the Aegean Sea (Katag˘an et al., 1988; Koukouras et al., 1998; Kallianiotis et al., 2000) .
Despite the species' extensive occurrence among fishery research samples, very few studies have focused on the biology and the ecology of the species in the Mediterranean Sea. Aspects such as growth (Company and Sardà, 2000; Maiorano et al., 2002) , reproductive patterns (Company and Sardà, 1997; Campisi et al., 1998; Marsan et al., 2000; Maiorano et al., 2002; Company et al., 2003) , and feeding habits (Cartes 1993a; 1993b) have been investigated mainly in the western and the eastern-central Mediterranean or the Atlantic Ocean (González and Santana, 1996) . In eastern Ionian Sea, studies were initiated only recently despite the fact that P. martia was found to be among the most abundant pandalid species (Politou et al., 2000) . The aim of this work is to describe the population structure, growth, sex ratio, reproduction, size at sexual maturity, and fecundity of P. martia in the eastern Ionian Sea, providing additional information for the species.
MATERIALS AND METHODS
Monthly samples of Plesionika martia were collected in south east Ionian Sea (Greece), between Zakynthos Island and Peloponnissos (Fig. 1) , from July 1999 to June 2000, using a commercial bottom trawler (26 m in length, 450 HP) and trawl equipped with a cod-end mesh size of 32 mm (stretched). Additional samples were taken in April and May 2001 for the estimation of carapace length-wet weight relationships and the study of reproductive aspects.
The bathymetry of the Greek Seas is characterised by steep bottoms and narrow continental shelf. In particular, the Ionian Sea is marked by the presence of the deep Hellenic Trench, lying along the western and southwestern Greek coasts, with depths generally greater than 4000 m and with a maximum depth of 5121 m located southwest of Peloponnissos, which is the maximum depth of the whole Mediterranean basin. A total of 23 hauls were performed at a depth range of 440-600 m during daytime, but only two hauls were performed at depths less than 500 m (October 1999 and January 2000) . The duration of the hauls ranged between 30 and 160 min, with most of the hauls between 60 and 90 min. The trawling speed fluctuated from 2.5 to 3.0 knots, depending on the depth and the nature of the substrate.
Catch was sorted to the species level on board. For the present study, a subsample of the catch was used. Plesionika martia was preserved frozen for further analysis in the laboratory. The carapace length (CL) was measured to the nearest 0.01 mm from the posterior margin of the orbit to the posterior dorsal margin of the carapace using electronic digital calipers. Wet weights (WW) of shrimps from the April and May 2001 samples were recorded using an electronic digital balance, with an accuracy of 0.001 g. Ovigerous females were weighed after the egg removal. Unlike at other Mediterranean areas (Orecchia et al., 1999) , no occurrence of parasites on individuals of P. martia was observed. Sex determination was performed under a binocular stereoscope, based on the presence or absence of the appendix masculina on the endopod of the second pair of pleopods (Zariquiey Alvarez, 1968; King and Moffitt, 1984) . Females were examined for presence of external eggs, and the stage of egg maturation was assigned according to the following three-stage scale (Company and Sardà, 1997) :
-early stage (I): eggs of recent spawning with intense colour and no eye pigmentation visible, -middle stage (II): pale egg colour with slight embryo eye pigmentation, and -late stage (III): total loss of egg colour with eye pigmentation well visible, well-developed embryos.
Examination of the values of the standardized skewness and standardized kurtosis revealed that there were significant departures from normality within the length data. The Mann-Whitney test was applied as a nonparametric test to compare the medians of the length distributions of the two sexes (Zar, 1996) . Significance level was determined at 95%.
The CL-WW relationship was determined as WW ¼ aCL b , where WW is the wet weight in g, CL is the carapace length in mm, and a and b the constants. Regressions were calculated separately for the following groups: females (nonovigerous, ovigerous after the removal of the eggs, and total females) and males. Allometry was tested (H 0 : b ¼ 3) by Student's t-test (Zar, 1996) . To test for possible significant differences between groups (P , 0.05), Student's t-test was used for comparison of the regression lines (Zar, 1996) .
Monthly sex ratio (females/total) and sex ratio by size class (CL) were calculated, and results were tested using the chi-square analysis (v 2 test). Ovigerous females from April and May 2001 samples were used to estimate the brood size and the mean egg size. Eggs were carefully removed from the abdomen of each shrimp, and the dry weight (24 h at 608C) of the egg mass was measured. The number of eggs per brood was estimated from egg-mass dry weight using the average egg dry weight of a counted subsample (100 eggs) of stage I from nine females. The egg mean size was computed by the arithmetic mean between the major and the minor axes of the ellipsoidal eggs, using digital photographs of eggs of all the first two stages, according to Company and Sardà (1997) . Photographs were taken using a binocular stereoscope with camera and were processed with the Image Pro Analysis software.
Reproductive effort has been defined as the proportion of the resources, available to the individual, which is allocated to reproduction as opposed to the other activities (Gadgil and Bossert, 1970) and was estimated as the percentage between the weight of eggs and the body weight, according to King and Butler (1985) .
Size at sexual maturity (CL m50 ) (the size at which 50% of all females in a stock of crustaceans are ovigerous) was determined from the relationship between the percentage p of ovigerous females and carapace length CL, described by the logistic equation:
where a represents the intercept and b the slope of the curve after applying a logit transformation. The value of CL m50 was estimated as the negative ratio of the two coefficients:
The parameters a and b were estimated using the log-likelihood method of Fryer (1991) , developed for trawl selectivity studies, which allows the estimation of the 95% confidence intervals for L m50 , as adopted in an algorithm developed by Petrakis and Stergiou (1997) . This method has been used for maturity studies (Stergiou, 1999) . Size at sexual maturity (CL m50 ) was determined for the pooled data from the main reproductive period of April to October. Growth was studied using the length-frequency distributions by sex according to the Petersen method (in Sparre et al., 1989) . This is based on the identification of peaks representing cohorts spawned at known or assumed time intervals. Bhattacharya's method was used to identify normal distributions (cohorts) included in polymodal length frequency distributions. The separation index between different cohorts was estimated. Values of less than 2 indicate a large overlap between cohorts and were considered statistically unacceptable (Sparre et al., 1989) . The von Bertalanffy growth parameters were estimated separately for males and females using ELEFAN in the FiSAT program (Gayanilo et al., 1995) .
As the growth parameters L ' and k are inversely correlated, the growth performance index u9 (u9 ¼ 2 log L ' þ log k) (Munro and Pauly, 1983 ) was employed to compare growth rates of the two sexes and with other fishing areas of the Mediterranean Sea.
RESULTS

Size Distribution
In the catches, six pandalid species were encountered: Plesionika martia, P. edwardsii (Brandt, 1851), P. acanthonotus (S. I. Smith, 1882), P. gigliolii (Senna, 1902), P. heterocarpus (A. Costa, 1871), and P. antigai Zariquiey Alvarez, 1955. Among them, P. martia was the most abundant, accounting for 90.4% of the individuals caught (6145 specimens).
The length-frequency distribution of P. martia for malesfemales separately and ovigerous-nonovigerous females for the whole study period is presented in Fig. 2 . Males ranged from 8 mm to 23.5 mm CL, and females, with the exception of one ovigerous female measuring 29.1 mm CL, ranged between 9.3 mm and 23.3 mm CL. Nonovigerous shrimps ranged from 9.3 mm to 23.3 mm CL, and ovigerous females ranged between 11.8 mm and 22.9 mm CL.
Monthly size-frequency distributions showed a size predominance of females over males (Fig. 3) , with mean female size consistently exceeding that of males throughout the year (Fig. 4) . There was a statistically significant difference between the median size of the sexes at the 99% confidence level. Smaller individuals of both sexes occurred mainly at depths less than 500 m (October 1999 and January 2000) where they represented a separate size mode.
When mean size was regressed upon depth (Fig. 5 ), a strong linear relationship (P , 0.05) was found, resulting in the following equations: Comparison of regression equations between males and total females revealed that the lines were parallel; there were statistically significant differences in the intercepts (P ¼ 0.0000) but not in the slopes (P ¼ 0.626). Statistically significant differences were observed both in slopes and intercepts (P ¼ 0.0097 and P ¼ 0.0041, respectively) between ovigerous and nonovigerous females.
Length-weight Relationships Carapace length-weight relationships for the different groups (males, females, nonovigerous and ovigerous females) are presented in Table 1 . In all the groups examined, the values of allometric coefficient b were less than 3 (» 2.4) and the difference was statistically significant at 95% significance level, indicating negative allometry.
Comparison of regression equations between ovigerous and nonovigerous females revealed statistically significant differences in the intercepts (P ¼ 0.0000) but not in slopes (P ¼ 0.6575). The same differences were found between nonovigerous and males (P ¼ 0.8782 for slopes and P ¼ 0.0000 for intercepts), whereas between ovigerous females and males, there were not statistically significant differences in the slopes nor the intercepts (P ¼ 0.7218 and P ¼ 0.1717, respectively).
Sex Ratio
The overall yearly sex ratio was found to be slightly in favor of females (0.57). The monthly variation of sex ratio was from 0.53 in October to 0.60 during April and May, with both sexes equally represented (v 2 test P . 0.05) during autumn-early winter (Fig. 6) . A statistically significant increase of the proportion of females by depth was observed (Fig. 7) , although the effect of depth on sex ratio did not seem to be as significant as on shrimp size, explaining only 36.7% of the variability in sex ratio. The sex ratio by size class (CL) showed a clear predominance of females in the larger size classes (.19 mm) (Fig. 8) . Males dominated the intermediate size classes (15-18 mm), whereas in lower size classes the sexes were equally represented.
Spawning Season and Size at Maturity
Reproducing females (carrying eggs on pleopods) were present all year round, as indicated by the variation of the monthly percentage of ovigerous females (Fig. 9) . During December to February, the lowest percentages of ovigerous females were observed (;10% of the female population), whereas during May, 74 percent of the females were bearing eggs. Thereby, a main reproductive period can be defined from April to October (Fig. 9) .
The smallest ovigerous female measured 11.8 mm CL. By pooling data collected during the main reproductive period (April-October), a CL m50 value of 16.16 mm CL was obtained (Fig. 10) . The examination of the size-frequency distributions of the ovigerous females revealed that the vast majority (78% to 100%) of them had greater CL than the size at sexual maturity all year round. A relatively weak positive relationship was shown between the percentage of ovigerous females and depth during the reproductive season (P ¼ 0.048, r ¼ 0.42) (Fig. 7) .
Fecundity
The mean brood size based on the number of eggs of 37 ovigerous females with egg stage I was estimated at 2676 (S.D. 6 1158, range: 618-6244). A trend of increasing fecundity with shrimp size was observed ( 
Growth
Using the Bhattacharya method, the presence of two modes was identified in the frequency distributions of both males and females. The estimates of the von Bertalanffy growth parameters are presented in Table 2 . Modal progression analysis for each sex separately showed that females had higher L ' but lower k than males. In addition, when the values of growth performance index were considered, males seemed to have higher growth rates than females. DISCUSSION The deep-water Mediterranean Plesionika congenerics (e.g., P. heterocarpus, P. edwardsii, P. gigliolii, P. martia and P. acanthonotus) are considered nektobenthic, showing moderate locomotory ability and no diel migrations. Although they can coexist, a well-defined depth pattern of maximum abundance has been described from the western Mediterranean, as follows: P. heterocarpus occupies the shallowest bottoms around the shelf edge, followed by P. edwardsii and P. gigliolii, both peaking at the uppermost part of the slope; deeper (400-600 m), P. martia abundance increases, while P. acanthonotus, which can be found to more than 1500 m, shows maximum abundance at about 650 m (Abelló et al., 1988; Cartes and Sardà, 1992; Company and Sardà, 1997; Puig et al., 2001) .
Among them, P. martia and P. heterocarpus represent the most abundant pandalids, in some cases the most abundant by-catch species of those depths. Although a decrease in P. martia abundance has been detected from the western to the eastern Mediterranean basin (Relini et al., 1999) , the species was the dominant pandalid in the eastern Ionian Sea. In a previous work in the eastern Ionian Sea, P. martia was exceptionally rare, whereas P. heterocarpus was one of the most abundant decapod species. It should be pointed out, however, that the mesh size used in that particular survey was 20 mm and sampling covered an extended area and different depth ranges up to 800 m .
Commercial fishery in Greek waters is carried out mainly down to 400 m depth. The depth range sampled during the present study (440-600 m) exceeds the maximum depth of the local fishing activity and coincides with the depth range of the species' maximum abundance. Also, the restricted sampling area of this study decreases the effect of patchiness detected from other areas (Maynou et al., 1996) . As a consequence, the current monthly observations can offer an insight to the life-history characteristics of the species under conditions of null fishing disturbance.
Although size ranges reported here are in accordance to those reported so far, the yearly mean size for both sexes was found to be slightly larger than that at the western side of the Ionian Sea at about the same latitude (Maiorano et al., 2002). Taking into consideration the deeper lower limit of the depth range (up to 676 m) sampled in the western Ionian-thus, the increased possibility of collecting larger animals as size increases with depth-and the larger mesh size of the present study, this difference can be valid and could reflect the difference in fishing pressure. The western Ionian is heavily fished, targeting mainly the red shrimps Aristaeomorpha foliacea (Risso, 1827) and Aristeus antennatus (Risso, 1816) (D'Onghia et al., 2003) . However, parallel surveys on the two sides of the Ionian Sea, but further north, revealed the opposite size trend for P. martia, whereas for other deep-water species, the fish Helicolenus dactylopterus (Delaroche, 1809) and the decapods A. foliacea and Polycheles typhlops Heller, 1862, mean sizes were in favor of population from the pristine bottoms of the eastern Ionian (Mytilineou et al., 2001 ).
In accordance with other studies on pandalids (Maiorano et al., 2002) , a clear size predominance of females over males was found, with female size consistently exceeding that of males throughout the year. Despite the relatively small depth range investigated, a strong positive relationship of mean size with depth was found for both sexes, supporting previous findings from a wider depth range (Company and Sardà, 1997; Maiorano et al., 2002) . The parallel temporal and spatial size differentiation between sexes observed in the present study reflects the ontogenetic continuous migration pattern towards deeper waters observed in many pandalids (Thessalou-Legaki et al., 1989; Puig et al., 2001 ) and in other families at these depth ranges . In addition, the tendency of size segregation with depth is more apparent for males and nonovigerous females than for ovigerous females, depicting that females move to deeper waters before egg laying, then cease their migratory activity when berried.
In the eastern Ionian Sea, smaller individuals of both sexes, considered as juveniles by other authors (Company and Sardà, 1997; Puig et al., 2001) , represented a separate cohort and coexisted with larger individuals only in depths shallower than 500 m in October and January. Because at similar depths analogous size cohorts have been detected in July and September by Maiorano et al. (2002) and in April by Puig et al. (2001) , a more continuous recruitment pattern should be suggested for the species than that known so far. In the eastern Ionian Sea, although the main reproductive period can be defined during spring and summer, large ovigerous females, even during winter, can possibly provide substantial numbers of recruits out of the season. A more temporally restricted reproductive activity is reported from the northwestern Mediterranean (Company et al., 2003) .
In the western Mediterranean, all the juveniles were distributed at around 400 m depth, where an intermediate nepheloid layer detachment (INL) occurred (Puig et al., 2001) which is considered as a favorable nursery habitat for P. martia and its congenerics, P. edwardsii and P. gigliolii. In the present study, small shrimps occurred mainly at depths less than 500 m, coexisting with larger individuals. An INL detachment occurred in the studied area at somewhat shallower depths (200-350 m) during winter (A. Karageorgis, HCMR, personal communication), indicating that a similar mechanism could exist.
The overall yearly sex ratio was found to be slightly in favor of females. Monthly variation of sex ratio exhibited also a predominance of females except for the late autumnwinter months when both sexes were equally represented. Thus, the decrease in reproductive activity more or less coincided temporally with equality in sex ratio. The increased female proportion during the reproductive period could be due to the arrival at the studied depth range of smaller females that join the female reproductive population.
Regarding the change of sex ratio in relation to depth, a controversy exists in the literature. In the western Mediterranean, a tendency of females to occupy shallower depths around 400 m was reported (Company and Sardà, 1997) and related to the presence of the INL (Puig et al., 2001) . On the contrary, a trend of increasing female importance at depths greater than 400 m was reported by Maiorano et al. (2002) from the western Ionian Sea and by Mura and Cau (1994) from the Sardinian Channel. In accordance to the latter scheme, a more direct dependency of female importance to depth was apparent in the present study, despite the relatively restricted depth range considered.
The size of the smallest ovigerous female in the eastern Ionian was found to be similar to that at the western side (Maiorano et al., 2002) ; nevertheless, both are the lowest reported from the entire geographical range. Indeed, a longitudinal pattern of decrease can be observed from the Atlantic (17.9 mm CL; González et al., 2001 ) through the West Mediterranean, the Sicilian Channel and the southern Adriatic (17.1-13.7 mm CL; Pipitone and Tumbiolo, 1993; Marsan et al., 2000) to the Ionian Sea (12 mm CL, Maiorano et al., 2002, and 11.8 mm CL, present study) . Nevertheless, the estimated size of 50% maturity in the eastern Ionian was greater than that reported from the western Ionian (Campisi et al., 1998; Maiorano et al., 2002) as well as the Spanish Mediterranean coastline (Carbonell et al., 2003) , possibly reflecting the unexploited status of the present population.
The temporal extent of the reproductive season could be the reason for the high variability of fecundity observed during the present study. Large variations in fecundity seem to be the rule for P. martia (Company and Sardà, 1997; Maiorano et al., 2002) .
The egg size of P. martia from the eastern Ionian coincides with that from Iberian waters (Company and Sardà, 1997) , and both are smaller than that reported from the western Ionian (Maiorano et al., 2002) . Egg sizes of the five deep-water Mediterranean pandalids have been reported to be similar and not correlated to depth of maximum occurrence of the species concerned, whereas in the tropical pandalids, egg size increases with depth of maximum occurrence (King and Butler, 1985) . This different trend between Mediterranean and tropical pandalids was attributed (Company and Sardà, 1997) to the difference in vertical temperature profiles between the areas; in contrast to the isothermic Mediterranean waters deeper than 200 m, larger temperature ranges in the tropical waters are suggested to favor larger eggs in deeper water species and, thus, more competent larvae. Nevertheless, because the Mediterranean pandalids are also present in the eastern central Atlantic, we cannot judge on the validity of this explanation until similar results are available from the Atlantic populations of the same species. In another, shallower water pandalid, Plesionika narval (Fabricius, 1787), an increase of egg size with depth has been observed in the eastern Mediterranean (Thessalou-Legaki, 1992) . Mean reproductive effort was found similar to western Ionian P. martia and the tropical pandalids (King and Butler, 1985; Maiorano et al., 2002) .
In the present study, a negative allometry was observed in the length-weight relationship for all the three groups of individuals examined (males, nonovigerous and ovigerous females). Generally, Company and Sardà (2000) suggested that the weight of nektobenthic species (such as P. martia), tends to increase isometrically to size, and regarded this as an adaptation to their less mobile life habit compared to mesopelagic species, which showed a negative allometry. In spite being more or less bound to the substratum, P. martia, as well as P. edwardsii, is a specialized active predator, preying mainly on macroplanktonic species (Pasiphaea spp. Savigny, 1816, and euphusiids) (Cartes, 1993a) ; thus, the negative allometry observed in the present study could be advantageous for predation attacks. The less robust form of the eastern Ionian P. martia could also be related to sparser prey resources of the more oligotrophic eastern part of the Mediterranean. In P. narval, a reduction in body weight for the same shrimp size has been estimated between 5 and 80-140 m depths and attributed to differences in food availability (Thessalou-Legaki et al., 1989) . A comparison of the growth parameters estimated from the eastern Ionian with those of the neighboring western Ionian and the western Mediterranean is presented in Table  2 . Similar L ' lengths in both males and females are observed among localities, with males attaining this length faster than females, especially in the eastern Ionian.
In conclusion, P. martia from the eastern Mediterranean seems to conform to the other Mediterranean regions with regard to the major life-history traits (i.e., size ranges, reproductive period, large variation of fecundity, ontogenetic migration). Nevertheless, the prevailing trophic gradient along the Mediterranean can result to a negative allometry in CL-weight relationships in the eastern part, while the steeper slope of the eastern Ionian Sea facilitates shrimp migration and thus reveals more clearly the influence of depth on shrimp size and sex ratio. Finally, when the two sides of the Ionian Sea are compared, the absence of fishing pressure in the eastern side can be detected through the larger mean sizes of both sexes as well as the later attainment of maturity by females.
